To mitigate some of the deleterious effects of the relatively small unambiguous Doppler velocity range (Nyquist interval) of airborne X-band Doppler radars, a technique has been developed to extend this interval. This technique, termed the batch-mode dual-PRF (pulse repetition frequency) technique, utilizes two batches of pulses that are each averaged to produce two velocity estimates at each range bin, with each batch at a different sampling rate. Comparison of the two velocity estimates produces a difference velocity that is used to dealias the second estimate within an extended velocity range that is larger than the Nyquist velocities of either of the two original samples. In this implementation, the choices of the two PRFs are restricted to ratios of 3/2 or 4/3 of the lowest PRF.
Introduction
Conventional pulse-Doppler radars transmit a series of equally spaced pulses, which produce a return signal from the scatterers of interest that have their electromagnetic frequency phase-shifted in proportion to the relative velocity between the radar antenna and target. The maximum radial velocity that a pulse-Doppler radar can detect unambiguously is given by the velocity, which just produces a phase shift of Ϯ180Њ. This velocity is termed the Nyquist velocity (V n ) and is expressed as (Battan 1973) :
where is the radar wavelength in meters and PRF is the pulse repetition frequency in inverse seconds. For the airborne X-band ( ϭ 0.0322 m) Doppler radar operated on the P-3 aircraft operated by the National Oceanic and Atmospheric Administration (NOAA), V n is Ϯ12.88 m s Ϫ1 for a nominal PRF of 1600 s Ϫ1 . Other characteristics of the P-3 radar are shown in Table 1 . The maximum PRF of the P-3 radar transmitter is 3200 s Ϫ1 , for which V n is Ϯ25.76 m s Ϫ1 . The proper interpretation of airborne Doppler radar data (Jorgensen et al. 1996 ) depends on accurate placement of aliased velocities into their proper interval (dealiasing), usually by a combination of automated algorithms (e.g., Bargen and Brown 1980) and manual inspection (Oye et al. 1995) . For extremely high shear situations, for example, convective storms and regions within mesoscale convective systems (MCSs), this task can be onerous and extremely time consuming. For example, an experienced Doppler radar analyst (C. L. Ziegler 1998, personal communication) took about 3.5 man-months to completely dealias just seven passes by a tornadic supercell thunderstorm observed during the Verification of the Origins of Rotation in Thunderstorms Experiment (Ziegler et al. 1998) . In some cases of very highly sheared storms, it is not even possible to reliably VOLUME dealias all the folded velocities with a high degree of confidence. An improvement to the NOAA P-3 Doppler radar to extend the Nyquist velocity is needed because the aircraft is being increasingly utilized to investigate a variety of convective storms, hurricane, and mesoscale phenomena (e.g., Jorgensen et al. 1997) . A simple way to extend the Nyquist velocity is to increase the PRF of the radar [Eq. (1)]. Unfortunately, the maximum unambiguous range (R max ) of pulse-Doppler radars is linked to the Nyquist velocity through the Doppler ambiguity relationship
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max n 8 where c is the speed of light. For the NOAA P-3 Doppler radar, Eq. (2) shows that increasing V n to an acceptable value for the study of severe convective storms, hurricanes, and MCSs (i.e., Ͼ|40| m s Ϫ1 ) would result in an unacceptably low maximum range (ϳ30 km). A short maximum range would also increase the likelihood of range-folded echoes (i.e., targets beyond R max ) contaminating the data at ranges less than R max , requiring further manual editing.
To mitigate some of the problems caused by the conflicting desire for a relatively long unambiguous maximum range and simultaneous large Nyquist velocity, an alternative method for extending the Nyquist velocity interval is proposed that is based on comparison of two velocity estimates made at different PRFs. Because the radar sends out pulse streams at alternate PRFs, the method is termed the ''batch-mode dual-PRF'' approach. Figure 1 illustrates the concept. In this approach, the first radial of data is used to ''dealias'' the second radial by a gate-to-gate comparison of respective velocities.
Implementation of this dual-PRF technique on the NOAA P-3 radar system was begun in late 1997. As an initial test, modifications to the existing signal processing software were made to allow for the collection of alternating radials of data at two PRFs. The two PRFs are constrained to be at ratios of 4/3 or 3/2 of the lowest PRF. Each velocity estimate consists of an integration of a number of pulses, usually 32, but subject to a maximum PRF of only 1600 s Ϫ1 . Subsequent modifications to the transmitter/receiver allowed for a maximum PRF of 3200 s Ϫ1 . The current signal processing hardware does not allow for true ''interlaced'' sampling (termed ''staggered'' PRF sampling) where both PRF samples are collected nearly simultaneously by alternating pulses at different rates. This approach is employed on the ELDORA (Electra Doppler radar) operated by the National Center for Atmospheric Research. Rather a ''batch-mode'' approach had to be used, where successive radials of data are collected at alternating PRFs.
Because the antenna makes a vertical scan about the longitudinal axis parallel to the aircraft's fuselage, usually at 60Њ s Ϫ1 , there is some spatial offset between the paired velocity estimates. If the wind shear in the azimuthal direction (i.e., direction of rotation that would be mainly vertical wind shear) is large enough, or if the spread of the Doppler spectrum is large enough, the possibility exists that the signal processor will assign data values to the incorrect difference interval when the dealiasing occurs. These processor ''mistakes,'' and possible mitigation, are explored in section 4. Future enhancements to the P-3 Doppler radar system could involve the development of new signal processing hardware to allow for a staggered pulsing scheme that would mitigate the effects of antenna rotation on unfolding mistakes. A brief history and the basic methodology of the dual-PRF technique is given in section 2. Specific examples are shown in section 3. In section 5 we present concluding remarks.
The dual-PRF technique

a. History
The dual-PRF approach to mitigating Doppler radar velocity ambiguities was first used in military applications of detecting moving targets (i.e., airplanes) in the presence of ground clutter (Natheson 1969; Perlman 1958) . The technique was extended to weather radar applications by Sirmans et al. (1976) . Loew and Walther (1995) first implemented the technique to airborne weather radars for use by the ELDORA radar. Their approach utilized staggered pulse sampling rather than the dual-PRF processing used on the NOAA P-3. The ELDORA approach has the distinct advantage of nearly simultaneous sampling of both velocity estimates and was highly successful in extending the Nyquist velocity in severe convective storm environments, as shown by the observations in Wakimoto et al. (1996) .
b. Methodology
If a pulse-Doppler radar samples approximately the same region of a weather target with two separate pulse trains (PRF 1 and PRF 2 ) the respective Nyquist velocities (V 1 and V 2 ), will cause the two velocity estimates (B 1 and B 2 ) to be different if the true velocity is beyond ϮV 2 . If the statistical fluctuations (Doppler variance) in the mean velocity estimate are small compared to the Nyquist velocity differences, the difference (B 1 Ϫ B 2 ) can be used to reliably dealias either estimate within an extended velocity range that is larger than either V 1 or V 2 . This extended Nyquist velocity, V max , can be shown to be (Doviak and Zrnić 1984) V ϭ Ϯ ,
where T 1 and T 2 are the times between each pulse (1/PRF 1 and 1/PRF 2 , respectively) of the paired samples. Equation (3) shows that the smaller the difference between the interpulse periods, the larger the extended Nyquist velocity. However, because the variance of the mean estimate is inversely proportional to the difference T 2 Ϫ T 1 (Doviak and Zrnić 1984) , the number of processor mistakes increases as T 2 Ϫ T 1 decreases. If the variance of the mean velocity estimates is large or if the region sampled by the two beam volumes has a significantly different radial velocity due to wind shear, velocity dealiasing errors can occur. In the implementation of the dual-PRF technique, it is convenient to restrict the ratio V 1 /V 2 ϭ C 1 /C 2 , where C 1 and C 2 are unequal integers larger than 1, and C 1 Ͼ C 2 . The two PRFs are related to the ratio C 1 /C 2 by Eq.
(1) as PRF 1 /PRF 2 ϭ C 1 /C 2 . For the P-3 Doppler radar implementation, two ratios are used: 3/2 and 4/3. Tests using these ratios are shown in section 3.
An illustration of the dual-PRF technique is shown in Fig. 2 for the case of a 4/3 ratio. Figure 2a shows what a Doppler radar would measure for two radial velocity estimates, B 1 and B 2 , at two different PRFs related by PRF 1 /PRF 2 ϭ C 1 /C 2 ϭ 4/3, for a monotonically increasing true radial velocity. The expected difference between the two estimates is confined to 2C 2 ϩ 1 intervals (seven for the example shown in Fig. 2b ). These intervals are evenly spaced over the range Ϯ2V 2 with a spacing of 2V 2 /C 2 . Outside the extended Nyquist interval ϮV max ϭ C 1 V 2 ϭ C 2 V 1 the pattern of differences between the paired velocity samples repeats. Thus, within this extended Nyquist interval given by ϮV max , it is possible to dealias both mean velocity estimates to find VOLUME 17
. Methodology for dealiasing of dual-PRF data using a C 1 /C 2 ratio equal to PRF 1 /PRF 2 . Note that a ratio of 3/2 would only use the middle five intervals. Here V 1 and V 2 are the Nyquist intervals of the two radials of data, B 1 and B 2 , respectively. The expected gate-togate velocity differences, ⌬B ϭ B 1 Ϫ B 2 , fall into evenly spaced intervals given by the second column. The procedure for adjusting each velocity estimate to make them consistent is tabulated in the columns labeled B 1 and B 2 adjustment.
Velocity interval
Expected difference velocity ⌬B ϭ B 1 Ϫ B 2 B 1 adjustment
Subtract 4V 2 Subtract 2V 2 Subtract 2V 2 0 Add 2V 2 Add 2V 2 Add 4V 2 the true mean velocity based strictly on the differences between the two estimates. Table 2 details the difference estimates and dealiasing procedures for a choice of C 2 Յ 3. In general, larger values of PRF 1 and C 2 produce larger extended Nyquist (C 2 V 1 ) velocities. However, larger values of C 2 would generally produce more processor dealiasing mistakes because the difference in spacing (2V 2 /C 2 ) becomes progressively smaller and is ultimately comparable to the statistical fluctuations of the estimated mean velocity. Table 2 can easily be extended for any choice of C 2 .
For the P-3 Doppler radar, the methodology for extending the Nyquist interval consists of alternately transmitting and integrating N pulses at PRF 1 to produce one radial of data followed by N pulses at PRF 2 . The N pulses (typically N ϭ 32, to reduce the expected standard deviation of the Doppler spectrum to ϳ2 m s Ϫ1 ; Jorgensen et al. 1983 ) are averaged to yield a reflectivity and radial velocity estimate at each of 512 gates, spaced 150 m apart. Values along the two radials are subtracted, gate by gate, to produce a set of difference velocities. This difference velocity is used to adjust the second velocity estimate, according to Table 2, so that the two estimates are consistent. For example, if the difference velocity was within the range 2(2V 1 Ϫ V 2 ) Ϯ V 2 /C 2 , then the second velocity estimate would have 2V 2 added to it. The first velocity estimate could also be adjusted (by having 2V 1 added to it) to make it consistent with the second estimate, but that is not done in this implementation of the technique. The process continues with the third batch of pulses at PRF 1 being dealiased by the previous estimate. Other difference intervals and unfolding rules beyond the scope of Table 2 can easily be derived for any choice of PRF pairs (i.e., C 1 and C 2 ).
Examples
Two test flights of the NOAA P-3 were performed to evaluate the dual-PRF technique. The first test flight occurred on 31 October 1997, near convective storms associated with an advancing cold front in the Gulf of Mexico, and involved a maximum PRF of 1600 s Ϫ1 . During May 1998, the National Severe Storms Laboratory (NSSL) conducted an investigation called the MCS Electrification and Polarimetric Radar Study (MEaPRS), which used the P-3 to fly patterns in and around MCSs that were also being probed by groundbased polarimetric radar and balloons bearing electric field meters. The first flight mission in MEaPRS involved an attempt to evaluate the optimum choices for a dual-PRF configuration in order to investigate severe weather and MCSs (i.e., the maximum PRF and ratio of PRFs). The choices that were evaluated are listed in Table 3 .
An example of raw radial velocity from a sweep through the leading edge of an MCS observed on 19 May 1998 is shown in Fig. 3 . In Fig. 3a a unispaced PRF of 1600 s Ϫ1 shows many ''folds'' in the velocity data (i.e., boundaries in the velocity field where the velocity abruptly changes from ϩV n to ϪV n or vice versa), which would necessitate manual correction before proper interpretation. Figure 3b shows an example sweep from another pass but using dual PRFs of 2133/ 1422 s Ϫ1 (a 3/2 ratio), in which all of the real folds have been eliminated because the extended Nyquist interval (34.4 m s Ϫ1 ) is larger than any real radial velocity. The exceptions are data points flagged as red, which are velocities greater than |22| m s Ϫ1 from a seven-gate running mean. These ''bad values'' represent processor dealiasing mistakes. The cause of these dealiasing mistakes is explored more fully in section 4. These mistakes tend to occur more frequently in regions where there is large azimuthal (mainly vertical) wind shear, (e.g., close to the ground) or in regions of strong radial convergence, (e.g., near the edges of the sloped yellow zone in Fig. 3b , which is likely a region of strong updraft). Figure 3c shows data from a pass about 11 min after the middle panel but using a PRF ratio of 2133/1600 s Ϫ1 (4/3 ratio). Many more processor dealiasing mistakes are seen in this second pass, most likely because the difference interval is smaller (Table 3) . Figure 4 shows example sweeps using PRF ratios of 3200/2133 s Ϫ1 (Figs. 4a,b) and 3200/2400 s Ϫ1 (Fig. 4c ). The velocity cross section (Fig. 4b) shows strong lowlevel radial convergence at about 18-km range from the aircraft indicative of a strong convective updraft. Fewer bad points are seen at these higher PRFs, except near Fig. 3 except, (a) vertical cross sections of radar reflectivity through the storm on 19 May 1998. Color scale for radar reflectivity (dBZ ) is along the bottom of (a). (b) At the same time as in (a) but for Doppler radial velocity using a dual-PRF of 3200/2133 s Ϫ1 (3/2 ratio). (c) The same storm viewed about 5 min later using a dual-PRF ratio of 3200/2400 s Ϫ1 (4/3 ratio).
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TABLE 3. Choices for PRF and PRF ratio. Here, V 1 and V 2 are the two Nyquist intervals, R max and V max the maximum unambiguous range and dual-PRF extended Nyquist velocity, respectively, and ⌬V the interval width. Processor dealiasing mistake percentages are from repeated P-3 flight legs ahead of a mesoscale convective line on 19 May 1998 in central Kansas, except for data with PRF 1 ϭ 1600 which were derived from data collected on 31 Oct 1997 of tropical convective storms along an active cold front in the Gulf of Mexico. FIG. 5. Probability density function of expected velocity differences for a PRF ratio of 4/3 for the first interval centered around ⌬Bϭ0 in Fig. 1 . The shaded area under the curve beyond ⌬B Ͼ ϮV 1 /4 represents the fraction of the sampled population that would be placed in the wrong Nyquist interval. The spectrum width (standard deviation) of the sampled velocity distribution is shown by s . In general, the interval width is 2V 2 /C 2 ϭ 2V 1 /C 1 . the ground, near echo top, and along the edges of the strong updraft.
The percentage of bad values for each pass is shown in Table 3 . The percentage of bad values, in general, increases for lower PRFs and smaller difference intervals. These dealiasing mistakes, fortunately, can easily be detected and deleted by comparison with their neighbor data points since they are about two Nyquist intervals removed from their correct velocity (Table 2) . However, synthesis of pseudo-dual-Doppler wind fields from these passes (not shown) reveal that dealiasing mistake percentages greater than about 10%-15% could significantly affect the coverage of the derived dual-Doppler wind fields because of insufficient data points being interpolated to Cartesian grid points. Also, since the bad values occur most frequently in regions of high shear, selectively deleting these points has a noticeable effect on the strength of updrafts and downdrafts, which are computed from vertical integration of horizontal divergence. Dealiasing mistake percentages from the passes using PRF 1 ϭ 1600 s Ϫ1 (Gulf of Mexico convective storms) are probably too low in comparison to those obtained during MEaPRS owing to differing shear in these two environments. Dual-PRF data were not collected during MEaPRS at PRF 1 ϭ 1600 s Ϫ1 , but had it been, the dealiasing mistake percentages would most likely be much greater than the 5%-10% shown in Table  3 because of the higher inherent wind shear in MEaPRS compared to tropical convection.
Cause of processor dealiasing mistakes
Processor dealiasing mistakes are caused by the difference velocity being assigned to the wrong difference interval, with the resultant correction being improperly offset by the amount shown in the last two columns of Table 2 . Unfortunately, the P-3 radar data system does not currently record which PRF was used to construct each radial, so the processor dealiasing mistakes cannot be readily corrected in postflight analysis. The fact that these dealiasing mistakes occur more frequently in regions of larger shear implies that the error rate is proportional to the Doppler spectrum width. With this assumption, how a processor mistake can be made is shown schematically in Fig. 5 . Figure 5 shows a 4/3 ratio assuming that the difference estimates conform to a Gaussian distribution. The probability of an error in categorization (i.e., the probability that the processor places the estimate in the wrong Nyquist interval) is the probability that the difference estimate deviates from its expected value by more than one-half of the difference interval, assuming the case of a symmetric difference probability density. The Doppler spectrum can be approximated by a Gaussian function independent of the velocity spectral density if the estimate contains a relatively large number of independent samples, and the signal-to-noise ratio is small (Doviak and Zrnić 1984) .
. Velocity dealiasing error rate as a fraction of the total number of samples for a Gaussian distribution of difference estimates. Abscissa is one-half the difference interval normalized by the Doppler spectrum width times 2. The solid line is for zero offset, the dotted ͙ line for an offset of 0.5 normalized difference velocity, and the dashed-dot line for an offset of 1.0 normalized difference velocity.
Since the distributions of radial velocity values from a sufficiently large number of paired estimates are apparently Gaussian, the difference velocity, being a linear operator, is also Gaussian but with a unique standard deviation defined by
where 1 and 2 are the standard deviations of two mean velocity estimates and 12 is the correlation between the estimates. Sirmans et al. (1976) has shown, for the staggered PRF scheme, that 12 effectively goes to 0 for normalized spectrum widths greater than about 0.20. For the dual-PRF scheme, 12 is also small because the time it takes the radar to collect both samples (64 samples or 0.0233 s at 3200/2400 s Ϫ1 ) is much longer than the typical decorrelation time of the scatterers (ϳ0.0017 s). Hence, for relatively narrow spectra, Eq. (4) shows that the probability density function for the expected velocity differences has a standard deviation of 2 s ( 1 ϭ ͙ 2 ϭ s , where s is the Doppler input spectrum width, estimated to be about 2 m s Ϫ1 (Jorgensen et al. 1983 ) for N ϭ 32. The likelihood of processor dealiasing errors, represented by the shaded regions in Fig. 5 , is the probability P(x) of a difference estimate being outside the region x ϭ Ϯ(V 1 Ϫ V 2 ) and can be estimated as the area under the standard normal curve:
where is an offset representing a bias between the two radials. Figure 6 is a plot of Eq. (5) for various values of . The dealiasing error rate (or fraction of the total estimates expected to be placed in the wrong Nyquist interval) for ϭ 0 (no bias between radials) is shown as the curve labeled ''0'' in Fig. 6 . The curve labeled ''0'' expresses the dealiasing error rate in terms of the difference interval normalized by the spectrum width. Note that the error rate does not go below a few percent until the normalized velocity difference exceeds about 2.5. For the P-3 radar, s is about 2 m s Ϫ1 , so the difference between the Nyquist velocities of the two estimates needs to be larger than about 7.1 m s Ϫ1 to reduce the expected processor dealiasing errors to an acceptable level for even a nonrotating antenna collecting perfectly collocated samples. In practice, the PRFs that were evaluated produce differences that are up to 17.2 m s Ϫ1 (column labeled ⌬V of Table 3 ), which would reduce the number of dealiasing mistakes to a few percent, in accordance with what was observed in the P-3 data (column labeled ''dealiasing mistakes'' of Table 3 ). It is also seen in Fig. 6 that the smaller the difference interval or the greater the spread of the Doppler spectrum s , the higher the probability of making a processor dealiasing error, which is also reflected in the percentage of bad value statistics shown in Table 3 .
Wind shear (in the azimuthal direction) also increases processor dealiasing mistakes since the two radials are not strictly collocated in space. If there are biases in the means of the B 1 and B 2 distributions, then ⌬B will shift away from zero in Fig. 5 , resulting in more area under the P(x) curve being beyond the half interval region. Rather than collocated, the two radials making up each dual-PRF pair are displaced about the axis of rotation by an amount
PRF where is the antenna rotation rate. Clearly, Eq. (6) shows that slowing the rotation rate for a given N and PRF will reduce the impact of wind shear on the number of processor dealiasing mistakes since the two adjacent radials will be physically closer (in the sweep direction). Unfortunately, the horizontal or along-track data spacing of the pseudo-dual-Doppler derived winds is inversely proportional to the antenna rotation rate (Jorgensen et al. 1996) , so is usually chosen to be as large as possible (60Њ s Ϫ1 ) to produce Cartesian wind vectors on closely spaced grids (ϳ1 km). Therefore, minimizing the angular displacement between two adjacent radials means transmitting as high a PRF as possible since it is also desirable to integrate a large number of pulses to keep s small. One estimate for the largest desirable spacing between adjacent radials is half of the vertical half-power beamwidth of the antenna (0.85Њ). For N ϭ 32, ⌬ ϭ 0.85Њ, and ϭ 60Њ s Ϫ1 , the lowest PRF from
Eq. (6) should be greater than about 2000 s Ϫ1 so the two radials are collected within a vertical beamwidth. If a 4/3 ratio is used for the higher PRF, it would be 2667, which limits the maximum range by Eq. (1) to about 55 km-a tolerable limitation for mapping wind fields within convective storms, MCSs, and hurricanes.
An estimate of the effects of wind shear on processor dealiasing mistakes is seen in the two curves in Fig. 6 labeled ''0.5'' and ''1.0.'' These two curves represent the effect of offsets between the two radials of one-half and one normalized difference interval, respectively. For example, for a 3/2 ratio using PRF 1 ϭ 3200 s Ϫ1 and s ϭ 2 m s Ϫ1 , the two curves represent biases between sequential radials of 1.5 and 3.0 m s Ϫ1 , respectively. Thus, wind shear represents a serious limitation to this particular implementation of the dual-PRF technique. For the above example, Fig. 6 reveals that if the wind shear produced a 3 m s Ϫ1 bias between sequential radials, the effect on the dual-PRF dealiasing process would be to increase the dealiasing mistakes by a factor of 5 over no bias for comparable normalized difference velocities. Slowing the rotation rate, changing the ratio, increasing the base PRF, or decreasing the number of pulses integrated reduces the angular separation between radials. Each of these choices has impacts on other aspects of data gathering including the possibility of increasing the number of processor dealiasing errors.
Conclusions
Optimal operation of the P-3 airborne Doppler radar system (in terms of data quality and minimal postflight analysis time) involves trade-offs between Nyquist velocity, maximum range, antenna rotation rate, and accuracy of the estimated Doppler velocity. Frequently these choices are in conflict with each other (e.g., greater maximum range and larger Nyquist interval), which limits the utility of the airborne radar system to probe the structure of severe convective weather, MCSs, and hurricanes. A dual-PRF technique is presented that extends the Nyquist velocity interval without seriously compromising the maximum range. In this technique, Doppler velocity estimates along each of two sequential radials are made at different sampling rates that are C 1 /C 2 ratios of each other (C 1 and C 2 are unequal integers greater than 1, with C 1 Ͼ C 2 ), which produces different Nyquist velocities (V 1 and V 2 ). The two velocity estimates are subtracted to produce a velocity difference, which is used to determine the true velocity within a larger extended Nyquist interval of 2C 1 V 2 ϭ 2C 2 V 1 because the velocity differences occur only at prescribed intervals.
The dual-PRF technique was evaluated using data collected by the P-3 flying near tropical convection and a Midwest U.S. mesoscale convective system. Sequential passes using various paired sets of PRFs reveal the disadvantages of low PRFs and PRF ratios above 3/2. Processor dealiasing errors occur because the larger Doppler spectrum width and inter-radial biases in high shear regions cause the difference estimate to be placed in the wrong category, which is unrecoverable in the current P-3 Doppler radar signal processor design. Fortunately, the dealiasing mistakes do not seriously compromise pseudo-dual-Doppler wind field construction as long as they are less than about 5% of the total number of samples because the errors can be easily removed by an automated procedure. If the percentage of dealiasing mistakes is less than 5%, the resulting wind field is not degraded because of the high degree of oversampling in the radial direction relative to the Cartesian grid size on which the winds are calculated (150-m radial spacing versus typically 1-km Cartesian grid spacing).
For the P-3 radar, this study indicates that weather systems that contain high wind shear demand a high base PRF (Ͼϳ2000 s Ϫ1 ) to keep the processor unfolding mistakes to less than about 5% or less of the total number of samples. The reduction in processor dealiasing mistakes at high PRFs results from both narrowing the angle swept by the antenna during collection of adjacent radials at alternating PRF, and enlarging the velocity difference interval relative to the Doppler spectrum width. Our test results indicate that a base PRF of 3200 s Ϫ1 , with either a 3/2 or 4/3 ratio is acceptable for the study of convective storms. Using these values of PRF and ratio results in an extended Nyquist velocity interval of 51.6 and 77.4 m s Ϫ1 , respectively, yet allows for a maximum range of approximately 46 km, which is not a serious range limitation for the study of severe convective storms, MCSs, or hurricanes.
Future enhancements to the P-3 airborne Doppler radar may include the development of a true interlaced (i.e., staggered) pulsing scheme. With this approach a significant source of processor dealiasing errors would be eliminated (i.e., those errors arising due to antenna motion between adjacent radials) since the two estimates are obtained simultaneously. The diminished number of dealiasing errors provided by the staggered PRF scheme over the dual-PRF scheme would be offset somewhat by an increased number of errors because only half the number of pulses would be used to construct each velocity estimate, resulting in an increased Doppler spectral width (Fig. 6 ). The final dealiased velocity provided by the staggered PRF scheme would be an average of the two original samples, so the accuracy of the estimate would be identical to that obtained by the dual-PRF approach.
Last, for each meteorological situation, the advantages of automated velocity dealiasing should be weighed against the disadvantages of processor mistakes and the analyst's time required to remove them. For example, in mapping the velocities of extensive stratiform rain regions, often seen in hurricanes and some MCSs, a large maximum range is usually more important than a high Nyquist velocity since the velocity data can usually be successfully dealiased using automated radial continuity algorithms (e.g., Bargen and Brown 1980) in spite of relatively high wind velocities. In those situa-tions, the airborne Doppler scientist could elect not to use the dual-PRF approach since the processor dealiasing mistakes would likely be excessive because of the low PRF used to achieve the long range.
